Platelet transfusions play an important role in the prevention of bleeding in severely thrombocytopenic patients, and platelet transfusions may be used to stop bleeding due to thrombocytopenia and in patients with severely impaired platelet function. Platelet transfusions are a relatively safe form of therapy as far as transmission of viral diseases is concerned. This, and the fact that platelet concentrates are now easily available in developed countries, is reflected by the observation that platelets are often transfused under a liberal indication. Compared to fresh frozen plasma and red blood cells, platelet transfusions are accompanied by a high rate of reactions. The transfusion reactions discussed in this review may be the consequence of immune reactions or may result from bacterial
contamination. Like other blood products, platelet concentrates may transmit viruses like hepatitis C virus, hepatitis B virus or human immunodeficiency virus (HIV). As these risks do not differ significantly between platelet concentrates and other blood products, they will not be discussed in this manuscript.
Febrile Non-Hemolytic Transfusion Reactions
Febrile non-hemolytic transfusion reactions (FNHTRs) are common in recipients of platelet concentrates. They can be defined as rise of body temperature by 1 °C or more within the first 4 h of transfusion and normalization of the temperature within 48 h, if transfusion of a bacterially contaminated blood product can be excluded and if no signs of hemolysis are found [1, 2] . Patients with isolated febrile reactions may otherwise be asymptomatic or may experience rigor and chills. As these reactions usually have no serious long-term effects, they are often not reported and documented as transfusion reactions. Their true incidence has therefore been difficult to assess. Decary et al. [3] estimated the incidence for nonhemolytic transfusion reactions by 0.4% (of products transfused) in patients receiving platelet concentrates; probably, most of these reactions were febrile reactions. Enright et al. [4] reported a rise in temperature in 0.3% of transfusions, but they found transfusion reactions in 1.6% of transfusions if chills with rigors were included in the analysis. If febrile reactions were related to patients transfused, these figures were higher (22%, patients with chills/rigors included). Blumberg et al. [5] found febrile reactions in patients with malignancies after 3.4% of platelet transfusions. In a study published by Kelley et al. [6] , febrile reactions occurred in 4.6% of pooled platelet products but only in 1.1% of products that were 3 days old or less. These figures indicate that FNHTRs are quite common. Transfusion experiments by Heddle et al. [7] suggest that reactions may even occur in about 30%. It has been known for a long time that transfusion of blood components may cause febrile reactions due to leukocyte [8] or platelet antibodies in patients who had received previous transfusions. In the patients studied by Decary et al. [3] , 64% of patients with nonhemolytic transfusion reactions had leukocyte antibodies as compared to 30% of control patients. De Rie et al. [1] further characterized antibodies as human leukocyte antigen (HLA-), platelet-and granulocyte antibodies in patients with febrile reactions. HLA antibodies were the most common, followed by platelet antibodies and the least common granulocyte antibodies. With the introduction of glycoprotein-specific tests, it became possible to more precisely identify serologic specificities in immunized patients. In a series of 252 polytransfused patients with hematologic/oncologic diseases [9] , 42% of patients presented with HLA class I antibodies, 37% had HLA antibodies without accompanying platelet specific (human platelet antigen, HPA) antibodies, and in 20 patients (7.9%) HPA antibodies were found. Specificities of HPA antibodies in this series were, in decreasing order of frequency: HPA-5b, HPA-1b, HPA-5a, HPA-2b, HPA-1a. Febrile reactions have not been abolished with the introduction of leukocyte depletion of blood components. Therefore, Blumberg et al. [5] studied a platelet-derived substance, soluble CD40 ligand (sCD40L, CD154), in supernatants of platelet concentrates as possible cause of FNHTRs. These authors assume that platelet-associated CD40L and sCD40L induce prostaglandin E2 synthesis (inducing fever) and synthesis of pro-inflammatory cytokines in a variety of cells in the recipient, including endothelial cells and fibroblasts [10, 11] . As CD40L is assumed to be released by platelet activation during platelet concentrate preparation, this effect cannot be suppressed by leukocyte depletion. Similarly, Klüter et al. [12] related allergic reactions to enhanced levels of RANTES, a chemokine released by platelets. In immunized patients, febrile reactions and -more importantly -antibody-mediated refractoriness to platelet transfusions can be avoided by analysis of HLA/HPA antibody specificities and transfusion of apheresis platelets from compatible donors. If febrile reactions are not related to alloantibodies, the question arises if premedication with antipyretic drugs like paracetamol (acetaminophen) might be effective in prevention of FNHTRs. This has been instituted in form of a 'general premedication' policy of use of antipyretic drugs [13] or may be restricted to patients who showed to be prone to febrile reactions during earlier transfusions. Only very few studies have been made to study the usefulness of premedication; mostly acetaminophen was used as an antipyretic drug and diphenhydramin for the prevention of allergic reactions (see below). The small prospective and randomized trial by Wang et al. [14] revealed no difference in incidence of FNHTRs between the group of patients treated with acetaminophen and the control group. Also the retrospective analysis of the pediatric patients yielded no favorable effect [15] .
Allergic/Anaphylactic Reactions
Allergic and anaphylactic reactions occur after platelet transfusions with similar frequency as FNHTRs. The risk of allergic reactions is between 0.09 and 21% in patients who receive platelet transfusions [16] . Allergic reactions are highly variable in severity. Manifestations may occur as isolated pruritus and urticaria as the only dermal manifestations. Systemic reactions may include bronchoconstriction, hypotensive reactions and shock. Only a minority of allergic reactions is associated with a rise in temperature of 1 °C or more; the authors of [17] observed this in 5%. The pathogenesis of allergic reactions is highly heterogeneous. nent, (ii) transfusion of cytokines, chemokines, and histamine generated in the platelet product during preparation and storage.
The best-known type of anaphylactic reaction is induced by IgA deficiency of the recipient and subsequent formation of anti-IgA [18] . Patients lacking only one IgA subclass may form subclass-specific anti-IgA; other patients may get immunized against allotypes on the IgA molecules. Patients with such antibodies of 'limited specificity' usually experience less severe anaphylactic reactions than patients with complete IgA deficiency and class-specific anti-IgA [18, 19] . The currently used criterion for IgA deficiency has been defined at serum IgA levels of 0.05 mg/dl or less [18] . One might expect that diagnosis of transfusion reactions due to anti-IgA is simple. However, the following circumstances indicate the problems related to diagnosis of this condition: IgA-related major transfusion reactions are observed with a rate of 1 in 50,000 transfusions [19] . This rate is much lower than the rate of individuals with IgA deficiency, which is about 1 in 1200 [18] as estimated in healthy blood donors. However, anti-IgA was identified in 21% of IgA-deficient healthy blood donors using a passive hemagglutination assay [20] , and anti-IgA titers of individuals in populations of donors and of IgA-deficient patients with a history of transfusion reactions studied by Sandler et al. [18] overlapped. This means that serological investigation with this technique cannot be used to reliably predict transfusion reactions. Some of the techniques currently in use for the identification of IgA antibodies detect IgG (and/or IgM) antibodies against IgA: the passive hemagglutination assay and a recently developed commercial particle-gel centrifugation assay. In Japanese patients, an equivalent to anti-IgA-induced anaphylactic transfusion reactions has been observed in haptoglobin-deficient patients. Shimada et al. [21] identified haptoglobin deficiency in 367 (1.6%) of patients with a history of sudden onset of anaphylactic transfusion reactions. For patients with severe anaphylactic transfusion reactions most probably related to anti-IgA, transfusion of washed red blood cell concentrates has been recommended. If platelet and plasma transfusions are required, products from IgA-deficient donors are recommended, if they are available. In patients with severe initial anaphylactic reactions, transfusions should be performed in an intensive care setting. On the other hand, fatal anti-IgA reactions seem to be rather rare; Sandler in his manuscript published in 2006 quotes a single fatal case [22] . The observation by Ahrens et al. [23] who found that patients with common variable immunodeficiency (CVID) with anti-IgA may develop immune tolerance remains to be confirmed for the clinical setting of sensitized IgA-deficient patients and transfusion of blood components containing plasma [23] .
Hemolytic Transfusion Reactions
Sometimes it is not possible to provide ABO group-identical platelets to a patient. This may especially be the case if patients are broadly sensitized against HLA and platelet-specific alloantibodies and if only one or few ABO-different but HLA/HLA-compatible donors are available. In ABO 'majorincompatible' platelet transfusions (e.g. O recipient receives A, B or AB platelet product), anti-A/anti-B in the recipient may reduce platelet increments [24] . In minor-incompatible transfusions, hemolytic reactions occur [25] [26] [27] [28] . Although these reactions are very rare, even fatal hemolytic episodes have been observed [29] . Usually, platelet concentrates from blood group O donors were implicated in these severe transfusion reactions. Isoagglutinin titers from implicated donors tended to be high, but -due to the heterogeneity of the methods used -no reliable threshold for the exclusion or prediction of severe hemolytic reactions can be given [30] . Recommendations resulting from a recent international survey on ABO-incompatible platelet transfusion [31] for the prevention of immune hemolysis are summarized in table 1.
Other Immunologically Mediated Reactions Caused by Transfusion of Platelets
Plasma of (usually female) patients may contain antibodies against antigens on granulocytes, HLA class II and HLA class I antibodies. Such antibodies may induce transfusion-related acute lung injury (TRALI), a dangerous, sometimes fatal transfusion reaction discussed in the manuscript by Bux and Sachs in this issue. Plasma, especially from female donors, may also contain platelet-specific alloantibodies. In patients with normal platelet counts receiving fresh frozen plasma with platelet alloantibodies, transient episodes of immune thrombocytopenia usually referred to as passive alloimmune thrombocytopenia have been observed. As patients receiving platelet concentrates are usually thrombocytopenic, such reactions will probably not be noted as a consequence of platelet transfusions. A similar situation exists in the case of posttransfusion purpura (PTP) observed in (mostly) female patients after transfusion of whole blood or red cell concentrates in the past. It can be speculated that such reactions may happen after transfusion of platelets, but probably most of them will be missed in patients who are already markedly thrombocytopenic before platelet transfusion. Contaminating T-lymphocytes in platelet concentrates may also cause transfusionassociated graft-versus-host disease (TA-GvHD) in a similar way as this is observed after transfusion of red cells.
Reactions Following Transfusion of Bacterially Contaminated Platelet Concentrates
Platelet concentrates have to be stored under continuous agitation at about 22 °C for up to 5 days. This comparatively high temperature implicates a higher probability (as compared to red cells) of bacterial overgrowth with potential risks for the transfused patient. Under unfavorable conditions, recipients of bacterially contaminated blood components may develop shock with hyperpyrexia. Other frequently encountered symptoms include chills, vomiting, tachycardia and hypotension. Possible sources for contamination are bacteria from the donor's skin and asymptomatic bacteremia at the time of donation. Bacteria may also enter the bags or tubings through defects of the blood bag system. Attempts have been made to prevent transfusion of dangerous platelet concentrates by screening platelet concentrates for bacterial contamination. In the study reported by Fang et al. [32] , 0.064% of 350,068 platelet apheresis concentrates were initially tested positive, with 0.019% confirmed tests. Platelet transfusions from 38 initially positive products did not induce septic transfusion reactions in a single case. However, even after initiation of screening for bacterial contamination, recipients of three products that initially tested negative showed severe reactions; one patient died. Two more studies with a similar pattern of results were published in the meantime [33, 34] . In the study by te Boeckhorst et al. [33] , initially positive screening results were identified in 203 of 28,104 cases (0.72%). Recipients of 113 potentially contaminated products did not experience transfusion reactions, whereas two recipients of two products initially tested as negative showed severe reactions [33] . The study reported by Schrezenmeier et al. (German Red Cross) [34] revealed an initial rate of reactivity of 0.54%; 22 products confirmed as positive were transfused but only two recipients developed fever. Again two recipients of a split platelet concentrate initially tested as negative developed severe reactions due to contamination of the products by Klebsiella pneumoniae.
To conclude, in rare cases, severe septic transfusion reactions still happen after platelet transfusion; they cannot be safely prevented with screening tests (e.g. the BacT/ALERT system) currently in use. Although these screening tests yield positive results in up to 0.5% of cases, only a minority of these products cause septic reactions.
Conclusion
Platelet transfusions are highly effective in many clinical settings. On the other hand, the rate of transfusion reactions is rather high: FNHTRs and 'allergic' reactions are observed in frequencies of up to 20-30%. Although the majority of these reactions are not dangerous, they cause discomfort to the patient. Only a subset of febrile reactions is caused by alloantibodies in the recipient. Attempts to suppress febrile and anaphylactic reactions with premedication have not been generally successful. Rare but dangerous transfusion reactions related to platelet concentrates include TRALI, septic complications induced by bacterially contaminated products, and hemolytic transfusion reactions. 
